The presence of functionally significant human interleukin-4 receptor sequence variants. Gln551Arg and Ile50Val, was examined in four anonymous New York State populations defined by ethnic origin. These variants were studied because they are associated with atopy or atopic asthma whose prevalence varies in different populations. Methods: PCR/RFLP (Ile50Val) and PCR/allele-specific oligonucleotide hybridization (Gln551Arg) assays were developed to detect both polymorphisms in 855 newborn screening specimens. Results: Arg551 was most frequently.found in Blacks (allele frequency of 68%). However, the lle50 allele was most common in Whites (allele frequency, 87%). Significantly more Blacks had chromosomes bearing both of the "enhanced signaling" variants (lle50/Arg551). Conclusions: Enhanced lL-4R signaling is associated with increased IgE production (atopy). Therefore, our data suggest that the African American population may be at increased risk for diseases, including asthma, which are associated with atopy. These data also emphasize the importance of determining the frequencies of single nucleotide polymorphisms in different populations before drawing conclusions from allele association studies, since the background allele frequencies may be disparate between different populations.
Atopy is a common clinical syndrome characterized by heightened IgE production upon exposure to common environmental antigens. It is associated with the development of allergic disorders including asthma. Genetic predisposition toward the development of atopy and asthma appears to be determined by multiple genetic loci.'-5 Among the candidate atopy susceptibility genes are those encoding interleukin-4 (IL-4) and the IL-+binding subunit (IL-4Rq) of the interleukin-4 receptor (IL-4R).1,6-10 IL-4 is thought to play a critical role in the development of atopy and allergic diseases through its regulation of the induction of a TH2 phenotype in allergenspecific helper T cells, and the induction of IgE synthesis by allergen-specific B cells. IL-4 is produced by activated T cells, mast cells, basophils and thyrnocytes, and mediates its p l~i otropic effects on target cells by signal transduction through IL-4 receptors, which are expressed on the surface of numerous cell types. In cells of hematopoietic origin, the IL-4R is composed of the IL-4-binding subunit encoded by IL-4Ra and the common y subunit (y,) shared by a number of other cytolune receptors. In cells of nonhematopoietic origin, the IL-4R is thought to be composed of the IL-4Ra and the IL-13Ra1 subu n i t~.~~.~ Mice deficient in either IL-4 or IL-4Ra exhibit impaired TH2 responses and IgE production, underscoring the role of IL-4 signaling in these processes.13.1% second cytohne, interleukin 13 (IL-13), has biological activities that appear to be similar but not identical to those of IL-4.I5-l7 The IL-13 receptor is composed of IL-4Ra and IL-13Ral s~b u n i t s .~~~~T h e importance of the IL-4Ra subunit in both IL-4 and IL-13 signaling in a mouse model of asthma has recently been demonstrated.lY Human IL4R maps to 16~11.2-16~12.1, a region associated with maternal inheritance of a gene that segregates with atop~.~.~~ Six common human IL4R polyrnorphisms, which result in amino acid changes have been rep~rted.~,'l-'~ Two appear to be functionally significant, influencing IL-4 signaling and risk of atopy. The first variant, caused by a G to A transition at nucleotide 1902, results in the subs'ti'tution of argiqine for glutamine at amino acid 551 (Gln551Arg) in an intracellular domain. The Arg variant acts dominantly and is associated with Genetics ~~f l e d i c i n e -, \ atopy.' The second variant is an A to G transition at nucleotide 398 which results in the substitution of valine for isoleucine at position 50 (Ile50Val) in the extracellular domain. This Ile variant appears to act recessively and is associated with atopy and atopic asthma.lu
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In reports of these IL4R variants to date, few individuals (for Gln551Arg)g or a restricted ethnic population (for Ile5OVal)").'-l were examined for variant allele frequency. We report here significant differences in the allele frequencies of the Ile50Val and Gln551Arg variants in four populations with different ethnic origins.
MATERIALS AND MmHODS

Specimen preparation
Anonymous dried blood spots originating from the New York State Newborn Screening Program, which screens all infants born in the state, were randomly chosen and used as a genomic DNA source. Population groups were assigned using the racetethnicity check-off completed at the birth hospital. Preparation of the template has been previously described. 15 Briefly, 1-mm in diameter sized filter paper punches containing the dried blood were futed in methanol and air-dried. An aliquot of sterile water was added to the specimens and they were capped, boiled for 10 minutes, cooled, and centrifuged. PCR mix was prepared and added directly to the tube containing the blood spot.
PCR for Gln551Arg
PCR primers for amplification of the 308 base pair IL4R Gln551Arg gene fragment were (IL4RASl) 5'-CCG AAA TGT CCT CCA GCA TG-3' and (IL4RAS2) 5'-CCA GTC CAA AGG TGA ACA AGG GG-3'. Amplification reactions contained 200 p M dNTPs, 1.5 mM MgCl,, 0.4 p M primers, and 1.25 U Taq in 10 mM Tris-HCI, pH 8.3, and 50 mM KC1. After a 5-minute denaturation at 95OC, 30 cycles were carried out as follows: 95°C denaturation for 1 minute, 63°C annealing for 1 minute, and 72°C polymerization for 2 minutes, followed by a final 5-minute polymerization step.
Allele-specific oligonucleotide hybridization (Gln551Argl
Five pL of PCR products were spotted onto replicate Hybond N+ (Amersham, Arlington Heights, IL) or Genescreen (NEN Life Science Products, Boston, MA) filters. The filters were air dried, and DNA was futed in 0.4 N NaOH after denaturation and neutralization according to the manufacturer's instructions. Probes for the Gln551Arg variant were end-labeled with using polynucleotide kinase (New England Biolabs, Beverly, MA). Sequences were (IL4RASPl) 5'-GTG GCT ATC AGG AGT TTG-3' and (IL4RASP2) 5'-GTG GCT ATC GGG AGT TTG-3' for the Gln551 and Arg551 probes respectively. Filters were prehybridized for 45 minutes and hybridized for 2 hours at 56OC in 3 M tetramethylammonium chloride (TMAC) hybridization buffer (3 M TMAC, 0.6% SDS, 1 mM EDTA, 5 X Denhardt's reagent, 0.01 M (Na),PO,, pH 6.8, and 8 pg/mL herring sperm DNA, Sigma, St. Louis, MO). Filters were washed in TMAC wash solution (3 M TMAC, 0.6% SDS, 10 mM EDTA, and 0.1 M (Na),PO,, pH ' 6.8) at room temperature and then at the hybridization ternperature for 20 minutes. Filters were exposed to X-0-Mat film (Eastman Kodak, Rochester, IVY) 3 hours to overnight at -70°C with intensifying screens.
I
PCR of IleSOVal
To amplify the 157 base pair Ile50Val gene fragment, the PCR primers were 5'-CGG AAT TCC GAG GCC CAC ACG TGT-3' and 5'-CGC TGG GCT TGA AGG AG-3'.1° Amplification reactions contained 200 FM dNTPs, 1.5 mM MgCI,, 0.2 p M primers, and 0.8 U Taq in a 16: 1 molar ratio of Taq-Start monoclonal antibody (Clontech, Palo Alto, CA) in 10 rnM Tris-HC1, pH 8.3, and 50 mM KC1. After a 5-minute denaturation at 95OC, 30 cycles were carried out as follows: 95OC denaturation for 30 seconds, 59°C annealing for 30 seconds, and 72°C polymerization for 30 seconds, followed by a final 5-minute polymerization step.
Restriction endonuclease digestion Ille5OVall
Ten pL of PCR product was digested with 5 units of Msl 110 (Promega Corp., Madison, WI) for 48 hours at 37OC. The digested products were electrophoresed on a 3% NuSieve:l% LE agarose gel (FMC Bioproducts, Rockland, ME). In the presence of the Val50 allele, the 157 base pair product was digested to 137 and 20 base pair products. Products were visualized by ethidium bromide staining.
Confirmation of control specimens
For each possible genotype, representative specimens were sequenced using an ABI373 fluorescent sequencer by the Molecular Genetics Core Facility using the forward primer as the sequencing primer. Once confirmed, these served as positive controls for Arg551 and Val50 in these experiments.
Statistical methods
Painvise comparisons of population-specific allele frequencies were performed by Fisher's exact test.26 Departures of observed allele frequencies from those predicted by Hardy-Weinberg equilibrium on the basis of population-specific variant allele totals were assessed with 2 test^.^^,^^ Estimates of haplotype frequency and linkage disequilibrium were assessed by likelihood ratio tests.28
RESULTS
Specimens used for these studies were anonymously collected from the New York State Newborn Screening Program. Data were collected from 173 to 285 specimens for each ethnic group. The allele frequencies of the two IL4R variants were determined in four populations of differing ethnic origin. The results of these genotyping experiments are shown in Tables 1  and 2 . 
Polymorphism results
The allele and the genotype frequencies for the Gln551Arg variant were the same in Whites and Asians (allele frequencies, 20.2% vs. 20.5%). In agreement with this data, a frequency of 20% was recently reported for this polymorphism in a small population of control individuals of unreported ethnic backg r~u n d .~ Another recent study reported an allele frequency of 12% in Japanese controls who were not atopic or asthmatic.24
In the data reported here, Hispanics had a higher frequency of the Arg551 allele (37.0%) than Whites and Asians. Overall, Blacks had the highest variant allele frequency (67.9%) and almost half of these individuals were homozygous for the Arg551 allele (47.7%).
Ile50 was most common in Whites (87.4%) followed by Hispanics (75.1%), Asians (60.7%), and Blacks (56.6%). This recessively-acting allele is associated with overproduction of both total and mite-specific IgE and atopic asthma in a Japanese population.lOJ The allele frequency for the Asian population reported here (60.7%) differs from that reported for the control group in the studies of Mitsuyasu et a l . L o~2~I l e 5 0 allele frequencies of 40.4% and 41%) in two regards. The Asian cohort studied here includes individuals from other ethnic groups in addition to those of Japanese descent. Furthermore, the anonymous nature of the blood spot specimens prohibits follow-up to determine what proportion of the genotyped individuals will develop atopy or asthma. Therefore, this New York State population also includes individuals who will develop asthma.
The Ile50 allele did not deviate from Hardy-Weinberg equilibrium in the Hispanic and Asian cohorts. However, the Ile50 allele was not in Hardy-Weinberg equilibrium in Blacks (2= 19 .75, P < 0.001) or Whites ($= 37.55, P < 0.0001).28 There are more homozygotes than expected by chance in both of these latter populations, suggesting that there has been some selective pressure for the "enhanced-activity" allele. No significant deviation from Hardy-Weinberg equilibrium was observed for the Gln55 1Arg variant.
Haplotypes were tested for linkage disequilibrium and a significant association was detected. Both polymorphisms (Ilel Arg, IR) were found together more frequently in the Black cohort than would be expected by chance ( P = 0.01 13), even though the Ile50 allele was least frequent in this group. When the frequencies of double homozygotes (IleIleIArgArg, IIIRR) are compared, 23.0% of Blacks are IIIRR ( Table 3 ). This differs from the IIIRR frequencies in Whites (1.6%), Hispanics (8.6%), and Asians (1.7%) ( P < 0.00001 ). Hispanics are significantly different from Whites ( P = 0.002) qnd Asians ( P = 0.0029) with respect to the frequency of IIIRR.
DISCUSSION
This population-based allele-frequency study examined two IL4R polymorphisms in four cohorts of specimens, which are unselected for disease. To date, little is known about the frequencies of these alleles in the general population. Previously, sample population demographics have not been well described9J9 or were restricted to a single ethnic g r o~p . l O .~~ The studies reported here are important to consider when examining the association of polymorphisms with disease using a limited number of control specimens. In addition to epidemiologic data supporting an association between Ile50 or Arg551 and risk of atopic asthma, influences of these variants on IL-4 receptor-mediated cellular responses to IL-4 have been described.9JO Both variants are associated with increased IL-4R signaling. The Arg551 allele appears to act dominantly because it has been shown to be associated with atopy in heterozygotes in one study population, but not in another. 24 The Ile50 allele appears to be recessive.'O The data reported here show that both functional variants are present most frequently in Blacks and Hispanics. These groups may be prone to diseases related to increased IL-4 signaling and IgE production. For example asthma is most prevalent in Hispanics and Blacks.3' It is likely that the mechanism for asthma development may have different ethnic-specific genetic determinants. Evidence for this has recently been reported.2,32 At present, it is unknown whether possession of both "enhanced-activity" variants produces an additive or synergistic effect on IL-4R signaling in humans. A recent study that investigated a possible haplotype effect utilized transfected plasmids with combinations of the sequence variants in mouse B cells after stimulation with murine or human IL-4.24 IL-4 binding was not affected by any of the constructs, but Ile50 was associated with increased IL-4R signaling. No augmentation of signaling above those increases observed in the presence of the Ile50 variant was evident in constructs containing the Arg551 allele.14 A second study that used transfected constructs carrying the Arg551 allele in mouse cells revealed no significantly altered signaling when the cells were stimulated with human IL-4. 33 Whether these variant alleles truly play a role in the development of atopy, asthma, and other diseases remains a subject for further study. It is interesting that those alleles exerting an effect on IL-4R function exist at a high frequency in different populations. At some point in time, it may have been advantageous to have the capacity to mount a strong T,2 response to some endemic pathogen(s). IL-13 also plays a role in T,2 development and induces IgE synthesis in human B cells.lSJ6 Thus IL4R,polymorphisms may also influence IL-13 signaling and this effect may vary in different populations. To investigate this, further analysis of the two described IL4R variants and the / ' -/ Genetics w~e d i c i n e IL4R variant frequencies effects of other polymorphisms in this gene in atopic asthmatics from these same ethnic groups are ongoing.
